
Using	  i-‐Tree	  Hydro	  to	  Model	  
Green	  Infrastructure	  

Dr.	  Ted	  Endreny,	  P.H.,	  P.E.	  ,	  Tom	  Taggart,	  &	  Emily	  Stephan	  
From:	  SUNY	  ESF	  -‐	  Engineering	  -‐	  www.esf.edu/ere	  

Partners:	  USDA	  Forest	  Service	  &	  Davey	  Tree	  Expert	  Co.	  
For:	  VT	  DEC	  Watershed	  Management	  Division,	  	  

Green	  Infrastructure	  
	  



Overview	  of	  Webinar	  

•  Overview	  of	  i-‐Tree	  Hydro	  	  
•  Green	  Infrastructure	  SimulaPons	  

– Watershed	  SimulaPon	  
– Urban	  SimulaPon	  
– Single	  Tree	  SimulaPon	  

•  Ongoing	  Model	  Development	  
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i-‐Tree	  Hydro:	  	  
	  Urban	  Forest	  Hydrology	  
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i-‐Tree	  Hydro:	  	  
	  Inputs,	  Processes,	  &	  Outputs	  
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1  Inputs	  
2  Canopy	  IntercepPon	  
3  Depression	  Storage	  
4  Surface	  Runoff	  
5  InfiltraPon	  
6  Soil	  Moisture	  
7  Surface	  EvaporaPon	  
8  Tree	  EvaporaPon	  
9  EvapotranspiraPon	  
10  Subsurface	  Runoff	  
11  SpaPal	  DistribuPon	  
12  Outputs	  
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i-‐Tree	  Hydro:	  	  
	  New	  model	  interface	  
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i-‐Tree	  Hydro:	  	  
	  Project	  LocaPon	  
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i-‐Tree	  Hydro:	  	  
	  Land	  Cover	  Data	  (via	  i-‐Tree	  Canopy)	  
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i-‐Tree	  Hydro:	  	  
	  Stream	  Data	  opPon	  (loaded	  2005-‐12)	  
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i-‐Tree	  Hydro:	  	  
	  Weather	  Data	  (loaded	  2005-‐12)	  
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i-‐Tree	  Hydro:	  	  
	  DEM	  vs	  Topographic	  Index	  OpPon	  
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Digital	  ElevaGon	  Model	  (DEM)	   Topographic	  Index	  from	  DEM	  



i-‐Tree	  Hydro:	  	  
	  Green	  Infrastructure	  SimulaPon	  
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Rain	  Garden	  

Sand	  Filter	   InfiltraPon	  Trench	  

Bio	  Swale	  

Permeable	  Pavement	  	  

Green	  Roof	  

Rain	  Barrel	   RetenPon	  /	  DetenPon	  Urban	  Tree	  Cover	  
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	  Land	  Cover	  Parameters	  
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GI	  in	  Watershed	  SimulaPon:	  
	  Allen	  Brook,	  Vermont	  
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Alllen	  Brook	  Watershed	  
30m	  DEM	  
9.9	  mi2	  

	  

Williston	  

Tree	  PlanPngs	  
2005	  Stormwater	  Impaired	  



GI	  in	  Watershed	  SimulaPon	  :	  	  
	  Finding	  USGS	  gauge	  for	  calibraPon	  
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GI	  in	  Watershed	  SimulaPon:	  
	  LocaPng	  county	  &	  town	  for	  gauge	  
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GI	  in	  Watershed	  SimulaPon:	  
	  DelineaPng	  watershed	  in	  ArcGIS	  
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GI	  in	  Watershed	  SimulaPon:	  
	  Gedng	  Land	  Cover	  w/	  i-‐Tree	  Canopy	  
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GI	  in	  Watershed	  SimulaPon:	  
	  CalibraPng	  of	  Hydrological	  Parameters	  
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GI	  in	  Watershed	  SimulaPon:	  
	  Sedng	  Green	  Infrastructure	  Scenarios	  
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Rain	  Garden	  

Permeable	  Pavement	  	  

Green	  Roof	   Rain	  Barrel	  

Urban	  Tree	  Cover	  Permeable	  Pavement	  	   Permeable	  Pavement	  	  

Rain	  Garden	  &	  Green	  Roof	  



GI	  in	  Watershed	  SimulaPon:	  
	  Base	  Case	  vs	  3	  GI	  Scenarios	  	  
	  Total	  Flow	  for	  2012,	  Allen	  Brook	  
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GI	  in	  Watershed	  SimulaPon:	  
	  Base	  Case	  vs	  3	  GI	  Scenarios	  	  
	  Impervious	  Cover	  Flow,	  2012	  

39	  

0 

2000 

4000 

6000 

8000 

10000 

12000 

14000 

16000 

Base case With permeable 
pavement 

With permeable 
pavement, rain 

gardens and green 
roofs 

With permeable 
pavement, rain 

gardens, green roofs, 
and rain barrels 

Im
pe

rv
io

us
 fl

ow
 (c

ub
ic

 m
et

er
s)

 



GI	  in	  Watershed	  SimulaPon:	  
	  Base	  Case	  vs	  3	  GI	  Scenarios	  	  
	  Total	  Suspended	  Solids,	  2012	  
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GI	  in	  Urban	  Area	  SimulaPon:	  
	  Burlington,	  Vermont	  

42	  

Burlington,	  VT	  Area	  
30m	  DEM	  into	  TI	  values	  

10.6	  mi2	  
	  

Downtown	  
GI	  Inspired	  Community	  



GI	  in	  Urban	  Area	  SimulaPon:	  
	  Gedng	  Land	  Cover	  w/	  i-‐Tree	  Canopy	  
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GI	  in	  Urban	  Area	  SimulaPon:	  
	  Base	  Case	  vs	  3	  GI	  Scenarios	  
	  Impervious	  Flow	  for	  2012,	  Burlington	  
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GI	  as	  Single	  Urban	  Tree	  /	  Save	  the	  Rain:	  
	  Syracuse,	  New	  York	  

47	   LiDAR	  Image	  of	  Tree	  Surface	  

Onondaga	  County	  &	  CH2M	  Hill	  
Save	  the	  Rain	  Program	  
OnCenter	  Green	  Roof	  



GI	  as	  Single	  Urban	  Tree	  /	  Save	  the	  Rain:	  
	  Single	  Tree	  Effects	  
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Total	  Rainfall:	  518	  mm	  
Total	  Snow	  LE:	  77	  mm	  
Intercepted	  Rain:	  70	  mm	  
Intercepted	  Snow:	  54	  mm	  
Total	  Runoff:	  145	  mm	  
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Ongoing	  Model	  Development:	  
Semi-‐Distributed	  Green	  Infrastructure	  

•  Extend	  current	  model	  for	  specific	  GI	  processes	  
•  Percentage	  of	  the	  watershed	  with	  GI	  
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Land	  Cover	  Types	  
Pervious	  	  
Impervious	  
Green	  Infrastructure	  



Ongoing	  Model	  Development	  

•  Distributed	  iTree	  Hydro	  

•  New	  Land	  Cover	  Data	  

•  GI	  Widgets	  
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Ongoing	  Model	  Development:	  
	  TRACE	  

•  TRansparent	  And	  Comprehensive	  Ecological	  (TRACE)	  
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1.  Model	  development	  
–  Problem	  formulaPon	  	  
–  Design	  and	  formulaPon	  
–  Model	  descripPon	  
–  ParameterizaPon	  
–  CalibraPon	  

2.  Model	  tesPng	  and	  analysis	  
–  VerificaPon	  
–  SensiPvity	  analysis	  
–  ValidaPon	  

3.  Model	  applicaPon	  
–  Results	  
–  Uncertainty	  analysis	  
–  RecommendaPon	  
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